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1. A code conversion method comprising the steps of: 
scrambling an input main data unit based oo any of plural 

types of pseudo-random number sequences: 
modulating the scrambled main data unit based on any of 

plural types of modulation data: 
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producing an output main data unit from the modulated 
main data unit; 

obtaining a calculated value representing a difference 
between a number of 0 bits and a number of 1 bits 
included in the output main data unit; and 

selecting any of the modulation data dependent upon the 
calculated value. 

wherein the code conversion method further includes the 
steps of - ^ 

determining whether or not a variation of the calculated 
value has exceeded a predetermined threshold value; 

newly selecting another pseudo-random number 
sequence used for the step of scrambling if it is 
determined that the variation of the calculated value 
has exceeded the predetermined threshold value; and 

re- scrambling the input main data unit based on the 
newly selected pseudo-random number sequence, 

2. A code conversion method according to claim 1. 
wherein the step of modulating the scrambled main data unit 
is performed by a first modulation having M types of 
modulation data. 

and wherein the step of producing the output' main data 
unit is performed by a second modulation. N types of 
modulation data out of the M types of modulation data 
causing an increase of the calculated value. 

3. A code conversion method according to claim 2. 
wherein, in the step of modulating, the first modulation is a 
pit position modulation having M types of modulation data. 

( and wherein, in the step of producing, the second modu- 
lation is a pulse width modulation, 
and wherein N types of modulation data out of the M 
types of modulation data causing an increase of the 
calculated value, 
i 4* A code conversion method according to claim 2. 
wherein, in the step of determining, if the variation of the 
calculated value becomes equal to or larger than the thresh* 
old value K during a first period L. an output main data unit 
having a bit pattern which has caused the increase of the 
} calculated value is included in a plurality of main data units 
to be output during the first period L* 
and wherein if the pseudo-random number sequence 
applied to the main data unit which has caused the 
increase of the calculated value is called a first pseudc- 
s random number sequence, the first pseudo-random 
number sequence is changed into any of a plurality of 
predetermined second pseudo-random number 
sequences* 

and wherein the plurality of second pseudo-random mim- 
D - hex sequences are pseudo-random number sequences 
making it possible to obtain a plurality of main data 
units not having the bit pattern as the main data units to 
be produced by the step of re-scrambling and to be 
output during the first period L at a ratio equal to or 
5 larger than (M-NyM. 

5. A code conversion method according to claim 4. 
wherein if a period during which a series of output main data 
units are produced by the step of scrambling using the first 
pseudo-random number sequence is called a second period 

0 H, 

the ourabcr of the plurality of second pseudorandom 
number sequences is at least equal to WU*L 

6. A code conversion method according to claim 1. 
wherein, in the step of determining, if die variation of the 

a calculated value has exceeded the threshold value, a part of 
the main data units which have been previously input before 
the point in time and have a predetermined length is 
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rc-scrambled after another pscudo-raodora number sequence 
is newly selected for the part 

7. A code conversion method according to claim 1. further 
comprising the steps of: 

obtaining a calculated value of ao output main data unit J 
corresponding to the input main data unit having a 
predetermined length: 

newly selecting another pseudo-random number sequence 
and re-scrambling the input main data unit if the 
variation of the calculated value has exceeded the 10 
threshold value; and 

obtaining a pseudo-random number sequence causing the 
variation of the calculated value to be equal to or 
, smaller than the threshold value. 

8. A code conversion method comprising the steps of: 15 
scrambling an input main data unit based on any of plural 

types of pseudo-random number sequences; 
modulating the scrambled main data unit based on any of 

plural types of modulation data; w 
producing an output main data unit torn the modulated 

main data unit; 

obtaining a calculated value representing a difference 
between a number of 0 bits and a number of 1 bits 
included in the output main data unit; and is 

selecting any of the modulation data dependent upon the 
calculated value. 

wherdD the code conversion method further includes the 
steps of: 

determining whether or not an absolute value of the x 
calculated value has exceeded a predetermined 
threshold value; 

newly selecting another pseudo-random number 
sequence used for the step of scrambling if it is 
determined that the absolute value of the calculated y 
value has exceeded the rxedetermined threshold 
value; and 

re-scrambling the input main data unit based on the 

newly selected pseudorandom number sequence. 
A code conversion method according to claim 8, * 
wherein the step of modulating the scrambled main data unit 
is performed by a first rrcxuilation having M types of 
modulation data, 
and wherein the step of producing the output main data 

unit is rxxformed by a second modulation. 4 
and wherein N types of modulation data out of the M 
types of modulation data causing an increase of the 
calculated value* 

10. A code conversion method according to claim 9. 
wherein, in the step of modulating, the first modulation is a * 
pit position modulation having M types of modulation data. 

and wherein, in the step of producing, the second modu- 
lation is a pulse width modulation, 

and wherein N types of modulation data out of the M : 
types of modulation data causing the increase of the 
calculated value. 

11. A code conversion method according to claim 9. 
wherein, in the step of determining, if the absolute value of 
the calculated value becomes equal to or larger than the < 
threshold value K during a first period L. an output main data 
unit having a bit pattern which has caused the increase of the 
calculated value is included in a plurality of main data units 
to be output during the first period L. 

and wherein if the pseudo-random number sequence < 
applied to the main data unit which has caused the 
increase of the calculated value is called a first pseudo- 
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random number sequence* the first pseudo-random 
number sequence is changed into any of a plurality of 
predetermined second pseudo-random number 
sequences. 

and wherein the plurality of second pseudo-random num- 
ber sequences arc pseudo-random number sequences 
making it possible to obtain a plurality of main data 
units not having (he bit pattern as the main data units to 
be produced by the step of re-scrambling and to be 
output during the first period L at a ratio equal to or 
larger than (M-NVM, 

12. A code conversion method according to claim 11. 
wherein if a period during which a series of output main data 
units are produced by the step of scrambling using the first 
pseudo-random number sequence is called a second period 
H, 

the number of the plurality of second pseudo-random 
number sequences is at least equal to ll/b=J. 

13. A code conversion method according to claim 8. 
wherein, when the absolute value of the calculated value 
exceeds the threshold value, a part of the main data units 
which have been previously input before the point in time 
and have a predetermined length is re-scrambled after 
another pseudo-random number sequence is newly selected 
for the part. 

14. A code conversion method according to claim 8. 
further comprising the steps of; 

obtaining a calculated value of an output main data unit 
corresponding to the input main data unit having a 
predetermined length; 

1 newly selecting another pseudo-random number sequence 
and re-scrambling the input main data unit if the 
absolute value of the calculated value has exceeded the 
threshold value; and 
obtaining a pseudo-random number sequence causing the 

* absolute value of the calculated value to be equal to or 
smaller than the threshold value. 

15. A code conversion apparatus comprising: 
storage means for storing an input main data unit; 

? scrambling means for scrambling the main data unit 
stored in the storage means based on any of plural types 
of pseudo-random number sequences; 
modulation means for modulating the scrambled main 
data unit based on any of plural types of modulation 
s data and producing an output main data unit from the 
modulated main data unit; 
arithmetic means for obtaining a calculated value repre- 
senting a difference between a cumber of 0 bits and a 
number of 1 bits included in the output main data unit 
0 which has been produced by the modulation means; 
comparison means for determining whether or not the 
calculated value obtained by the arithmetic means is 
within a predetermined tolerance range; and 
control means for instructing the scrambling means to 
,5 newly select another pseudo-random number sequence 
and to re -scramble the main data units stored in the 
storage means if the comparison means determines that 
the calculated value is out of the tolerance range. 

16. A code conversion apparatus according to claim IS* 
io further comprising recording means for recording output 

data of the modulation means, 
wherein the control means outputs a conversion failure 
signal if the comparison means has determined that the 
calculated value is out of the tolerance range. 
*3 and wherein the recording means rc-starts recording the 
output data of the modulation means, in response to the 
conversion failure signal 
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* 17. A code conversion apparatus comprising: 
storage means for storing an input main data unit; 
scrambling means for scrambling the main data unit 
stored in the storage means based on any of plural types 
of pseudo-random number sequences: 5 
detection means for detecting a location of the main data 
unit which has been read out from the storage means; 
modulation means for modulating the scrambled main 
data unit based on any of piurai types of modulation 
data and producing an output main data unit from the 
modulated main data unit; 
arithmetic means for obtaining a calculated value repre- 
senting a difference between a number of 0 bits and a 
number of i bits included in the output main data unit; v 
comparison means for determining whether or not the 
calculated value obtained by the arithmetic means is 
within a predetermined tolerance range; and 
control means for instructing the scrambling means to 
newly select another pseudo-random number sequence * 
and then to re-scramble a pan of the main data units 
located prior to the location of the main data unit which 
has been detected by the detection means at a point in 
time when the comparison means has determined that 
the calculated value is out of the tolerance range, i 
VL A code conversion apparatus according to claim 17. 
further comprising recording means for recording the output 
main data unit, 
wherein the control means outputs a conversion failure 
signal if the corapaiison means has detennined thai die * 
calculated value is out of the tolerance range, 
and whercia the recording means re-starts recording the 
output main data unit, in response to the conversion 
failure signal 

19, A code conversion apparatus comprising: 3 
storage means for storing an input main data unit; 
scrambling means for scrambling the main data unit 
stored in die storage means based on any of plural types 
of pseudo-random number sequences; 

detection means for detecting a location of each frame of 4 
the main data unit stored in the storage means, every 
time each said frame is sequentially read out from the 
storage means; 

modulation means for modulating the scrambled main 
data unit based on any of piurai types of modulation 4 
data and producing an output main data unit from the 
modulated main data unit; 

arithmetic means for obtaining a calculated value repre- 
senting a difference between a number of 0 bits and a . 
number of 1 bits included in the output main data unit; 

comparison means for determining whether or not the 
calculated value obtained by the arithmetic means is 
within a predetermined tolerance range; and 

control means for instructing the scrambling means to 
newly select another pseudo-random number sequence 
and then to re-scramble a plurality of frames located 
prior to the frame, the location of which has been 
detected by the detection means, at a point in time wheo 
the comparison means has determined that the calcu- 
lated value is out of the tolerance range. 

20, A code conversion apparatus according to claim 19. 
further comprising recording means for recording the output 
data of the modulation means. 

wherein the control means outputs a conversion failure 
signal if the comparison means has determined that the 
calculated value is out of the tolerance range. 
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and wherein the recording means re starts recording the 
output data of the modulation means* in response to the 
conversion failure signal. 
21. A code conversion apparatus comprising: 
storage means for storing at least one sector of input main 
data units; 

scrambling means for scrambling the at least one sector of 
main data units stored in the storage means based on 
any of plural types of pseudo-random number 
sequences; 

modulation means for modulating the scrambled main 
data units based on any of plural types of modulation 
data and producing output main data units from the 
modulated main data units; 

arithmetic means for obtaining a calculated value repre- 
senting a difference between a number of 0 bits and a 
number of I bits included in each of the output main 
data units: 

comparison means for determining whether or not the 
calculated value obtained by the arithmetic means is 
within a predetermined tolerance range; and 

control means for instructing the scrambling means to 
newly select another pseudo-random number sequence 
and then to re-scramble the at least one sector of main 
data units stored in the storage means if the comparison 
means has determined that the calculated value is out of 
the tolerance range. 

22 A code conversion apparatus according to claim 21. 
further comprising recording means for recording the output 
main data units. 

wherein the control means outputs a conversion failure 
signal if the comparison means has determined that the 
calculated value is out of the tolerance range. 

and wherein the recording means re-starts recording the 
output main data units, in response to the conversion 
failure signal. 

23. A code recording medium for recording^reproducing 
main data thereon/therefrom on a sector basis. 

, wherein scramble data and scrambled main data are 
recorded in every sector, 
and wherein the scramble data is represented by any of 
i nitial values of predetermined pseudo-random number 
sequences for scrambling the main data. 
; and wherein each of the pseudo-random number 
sequences is comprised of a plurality of random num- 
bers rxglnning with an initial value of the pseudo- 
random number sequence, 
and wherein the main data has been scrambled by scqutn- 
> tially performing a logical operation on the pseudo- 
random number sequence representing the scramble 
data and the main data. 

24. A code recording medium according to claim 23. 
wherein each of the pseudo-random number sequences is a 

* maximum length sequence. 

25. A code recording medium according to claim 23* 
wherein the scramble data indicates whether or not a sector 
of main data is scrambled. 

26. A code recording medium according to claim 23. 
3 wherein the scramble data is set based on the random 

numbers. 

27. A code recording medium according to claim 23. 
wherein the scramble data is set in accordance with how 
many times main data has been rewritten on the same sector. 

s 28, A code recording apparatus for scrambling acd record* 
tng main data on a sector basis on a recording medium, 
comprising: 
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scramble data generation means for generating scramble 
data represented by any of a plurality of predetermined 
pseudo-random cumber sequences; 

pseudo-random number sequence generation means for 
generating the pseudo-random number sequences in * 
accordance with the scramble data, each of the pseudo- 
random number sequences being represented by the 
scramble data; 

scrambling means for scrambling the main data by 
sequentially performing a logical operation on the M 
generated pseudo-random number sequence and a sec- 
tor of main data: 

modulation means for modulating the scrambled main 
data; and 

recording means for recording the modulated main data * 
together with the scramble data onto a sector on the 
recording medium. 
29* A code recording apparatus for scrambling and record* 
ing main data on a sector basis on a recording medium. 7 
comprising: 

scramble data generation means for generating scramble 
data represented by any of a plurality of (Redetermined 
pseudo-random number sequences; 

pseudorandom number sequence generation means for a 
generating the pseudo-random number sequences in 
accordance with the scramble data, each of the pseudo- 
random aumber sequences being represented by the 
scramble data; 

scrambling means for scrambling the main data by 3 
sequentially performing a logical operation on the 
generated pseudo-random number sequence and a sec- 
tor of main data ; 

modulation means for modulating the scrambled main 
data; » 

recording means for recording the modulated main data 
together with the scramble data onto a sector on the 
recording medium; 

arithmetic means for obtaining a calculated value reprc- * 
seating a difference between a number of 0 bits and a 
number of 1 bits included in the modulated main data; 
and 

a determination means for determining the calculated 
value. 

30, A code recording apparatus according to claim 28. 
wherein the pseudo-random number sequence generation 
means generates the pseudo-random number sequences in 
accordance with not only the scramble data but also sector 
identification data for identifying each sector of the record- 
ing medium. 



Application/Control Number: 09/844,740 
Art Unit: *** 



Page 9 



31. A code recording apparatus according to claim 29. 
wherein the pseudo-random cumber sequence generation 
means generates the pseudo-random number sequences in 
accordance with not only the scramble data but also sector 

5 identification data for identifying each sector of the record- 
ing medium. 

32. A code recording apparatus according to daim 28, 
wherein the scramble data generation means outputs the 
respective pseudo-random number sequences in a predeter- 
mined order 

33. A code recording apparatus according to claim 29, 
wherein the scramble data generation means outputs the 
respective pseudo-random number sequences in a predeter- 

i5 mined order. 

34. A code recording apparatus according to claim 28. 
wherein the scramble data generation means selects each of 
the pseudo-random number sequences based on the random 
numbers and then outputs the scramble data representing the 

to selected pseudorandom number sequence* 

35. A code recording apparatus according to daim 29. 
wherein the scramble data generation means selects each of 
the pseudo-random number sequences based on the random 
numbers and then outputs the scramble data representing ihc 
selected pseudo-random number sequence 

3& A code reproducing apparatus for reproducing main 
data from a recording medium for recording/reproducing &e 
main data thercon/ihcrefrom on a sector oasis, scramble data 
and scrambled main data being recorded in every sector, the 
scramble data being represented by any of initial values of 
predetermined pseudo-random number sequences for scram- 
bling the main data, each of the pseudo-random number 
sequences including a plurality of random numbers begin- 
J5 ning with a unique initial value, and the main data having 
been scrambled by sequentially performing a logical opera* 
tion on the pseudo-random number sequence representing 
the scramble data and the main data, the code reproducing 
apparatus comprising: 

40 read means for reading out the scramble data from a sector 
of the recording medium; 

pseudo-random number sequence generation means for 
generating a pseudo-random number sequence for 
descrambling the scrambled main data in accordance 
45 with the read out scramble data; and 

de-scrambling means for restoring original non- 
scrambled main data by sequentially performing a 
logical operation on the pseudo-random number 
sequence and the sector of main data. 
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3L (Twice Amended) A method for scrambling input data comprising the 
steps of: 

generating scramble data having a value which is randomly determine^ 
generating a pseudo-random nu mber sequence in accordance with the value of 
the scramble data: and 

generating scrambled data bv perfor ming a logical o p eration on the P *m,rtn. 
random number sequ ence and said inout data 

(Previously Presented) A method according to claim 37. wherein the 
value of the scramble data is randomly det e rmined on a data unit basis and each data 
unit has a predetermined sbe 

39, (Once Amended) A method for recording information onto a recording 
medium, comprising the steps of: 

generating scramble data havi ng a value which is randomly determined: 
generating a pseudo-random number sequence in accordanc e with the value of 
the scramble data: 

generating scr ambled data bv performing a logical o pera tion on the pseudo- 
random number seque nce and input data: and 

recording the scramble data and the scrambled d ata onto the recording medium 

40, (Previously Presented) A method acc ording to claim 39. wherein the 
V3lue of the scramble data is randomly determined op a data unit basis, and each data 
unit has a predetermined size. 
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— (P"ce Amended) A recording m edium for mmrdmo information 
thereon, 

wherein scramble data and scramhlpd d ata are reonrnod Qn t Q the re^ng 
medium. 

the scramble data has a vakm which is randomly determined 
and the scrambled data is obta i ned h v ge neration a P <~., do-random numho, 
sequence in accordance with the value of the scramble data and hv p e rming a Innlr^i 
operation on the pseudo-random num her sequence and in put data 

42, (Previously Presented) A recording me dium according to H a .m ,h 
wherein the value of the scramble data is rando m ly determine o n a data .,nit ha«ic 
and each data unit ha s a predetermined size. 

43, (Previously Presented) A method according to claim 37 further 
comprising t he steps of- 

modulating the scrambled data: 

obtaining a calculated value of representing a differen t between a nnmh*r »r n 
bits and a number of 1 bits included in th e modulated scrambled data; 

determining whether or not a variation of the calculate d value has »vr*»ri»n 3 
predeterm ined threshold vain?; 

new>y generating further scramble d ata having a va lue which is randomly 
determined: 

newly generating a further pseudo-ran dom number sequence in accordance with 
the value of the newly g enerated scramble data; and 

newly generating further scramhleri d ata bv performing the logical operation on 
the newly generated pseudorandom num ber seq uence and the input data 



